Objectives: To measure intensive care unit (ICU) admission, intubation, decompressive craniotomy, and outcomes at discharge in a large population-based study of children with ischemic and hemorrhagic stroke.
Pediatric stroke occurs in 2-13/100,000 children annually, 1,2 and while hospital case series have reported high rates of neurologic deficits and case fatality, 3, 4 data from population-based cohorts are limited. After a large stroke, neurologic deterioration may progress over several days from swelling, intracranial hypertension, and secondary brain injury. Although adult neurocritical care after a stroke has received increasing attention, little has been reported regarding critical care management practices of childhood stroke. However, children may have several reasons to require critical care management of elevated intracranial pressures: 1) children have a high proportion of hemorrhagic strokes, 1,5 2) ischemic strokes in children are predominantly large-vessel, 6, 7 and 3) children lack the cerebral atrophy of aging that provides space to accommodate mass effect. We hypothesized that the frequency of ICU admission and interventions such as intubation and surgical decompression would be high after pediatric stroke, even in a population-based cohort. The ability to predict how often and which childhood strokes are at highest risk of requiring critical care interventions could be lifesaving.
The objective of this study was to determine rates and clinical predictors of critical care utilization-ICU admission, intubation, and decompressive craniotomy-in a populationbased cohort of children with ischemic and hemorrhagic stroke. Because ICU admission could reflect either a true need for critical care or physician discomfort with an uncommon diagnosis, we also assessed correlations with case fatality and discharge neurologic deficits as measures of disease severity.
METHODS Study design and setting. This study was a cross-sectional analysis of critical care usage at the time of the index strokes within the Kaiser Pediatric Stroke Study (KPSS), a retrospective cohort study of childhood stroke. The KPSS study population included all 2.3 million children from birth through 20 years of age enrolled in the Kaiser Permanente Medical Care Program (KPMCP) from January 1993 through December 2003. KPMCP is an integrated health care delivery system that provides care to roughly one-third of the population in Northern California. Because KPMCP maintains extensive electronic records and provides comprehensive care, it is an ideal setting for a population-based study of critical care utilization after a relatively uncommon event such as pediatric stroke. Medical records from out-of-plan facilities for Kaiser patients are also generally available in the chart as a part of the Kaiser medical record. Within this population, KPSS identified cases of children diagnosed with symptomatic stroke by methods described below and in prior reports. 1, 7 For the purposes of this analysis, neonatal strokes (Ͻ28 days of life) were excluded because many strokes that occur at birth are identified months later and therefore have different care requirements.
Standard protocol approvals, registrations, and patient consents. The study was approved by the institutional review boards of the KPMCP Division of Research (Oakland, CA) and the University of California, San Francisco. Since there was no direct contact with patients and this retrospective study involved minimal risk, written informed patient consent was waived by both institutional review boards.
Case ascertainment. Cases of symptomatic stroke were ascertained through electronic searches of KPMCP patient databases for hospital discharge diagnosis (coded by a medical records analyst) and outpatient diagnosis (coded by physicians), and keyword searches of all electronic head imaging reports (MRI and CT). Potential cases were chart reviewed, with independent confirmation of the stroke diagnosis by 2 neurologists and arbitration of disagreements by a third. The inclusion criteria for stroke were 1) documented clinical presentation consistent with stroke, such as a sudden onset focal neurologic deficit, headache, or seizure, and 2) CT or MRI scan showing a focal ischemic infarct or hemorrhage in a location and of a maturity consistent with the neurologic signs and symptoms. Ischemic strokes included both arterial ischemic stroke and venous sinus thrombosis, while hemorrhagic strokes included intracerebral, intraventricular, and subarachnoid hemorrhage (but not subdural or epidural hemorrhage). Because trauma is an important cause of intracerebral and subarachnoid hemorrhage in children, we included cases of traumatic hemorrhagic stroke, as long as the hemorrhage was symptomatic. Cases were excluded if the stroke occurred outside of the study period.
Data abstraction. Using a standardized protocol, data were abstracted by a single pediatric nurse medical records analyst from all available medical records from all KPMCP facilities and out-of-plan facilities. All relevant records were reviewed by a single pediatric vascular neurologist (H.J.F.) to classify the stroke type (hemorrhagic or ischemic) and confirm abstracted data. Clinical data included age at the time of the stroke, gender, and race. ICU admission was admission to the ICU during the acute stroke hospitalization. Intubation was defined as mechanical ventilation in the ICU, and did not include intubation for a procedure under sedation. Decompressive neurosurgery was defined as either craniotomy for removal of a hematoma or infarcted brain or craniectomy (temporary removal of part of the skull), with the intent of relieving raised intracranial pressure. Craniotomy performed purely for surgical excision of a vascular lesion was not included in this definition. Outcome at discharge was defined as status at the end of stroke admission, and was recorded as case fatality (all cause deaths by the end of stroke admission), persistent deficit (any residual deficit documented in the medical record), or normal. Stroke presentation was presence of symptoms recorded by a nurse or physician of altered mental status, speech abnormalities, hemiparesis, gait abnormalities, headache, or seizure. Altered mental status was defined as an altered level of alertness, obtundation, or coma. Premorbid condition was a composite variable that indicated a prior diagnosis of cardiac disease, hematologic disease, vascular disease, and rheumatologic or autoimmune disease at the time of the stroke. Data analysis. Dichotomous variables were compared using 2 or Fisher exact test. Univariate and multivariable logistic regression models were used to identify predictors of critical care. Our primary outcome measures were ICU admission, intubation, and decompressive neurosurgery. Because their secondary complications and neurocritical care requirements may differ, we reported frequencies of critical care usage stratified by ischemic vs hemorrhagic stroke. Stroke type was also analyzed as a covariate in our logistic regression models. Additional predictors were age, gender, race, symptoms at stroke presentation, premorbid condition, inpatient status at the time of the stroke, and length of time until stroke diagnosis. To indicate number of cases with missing data, denominators are reported for each outcome and vary slightly. Time to diagnosis was included as a predictor to control for its potential effect on the outcome of ICU admission: children with a delayed diagnosis of stroke may be less likely to be admitted to an ICU simply because sufficient time has passed during which they were stable. Time to stroke diagnosis was treated as a binary variable, with diagnosis either on or not on the date of the stroke. For multivariable analyses, we included all predictors significant to a p ϭ 0.05 level on univariate screening, as well as age, race, and gender. We performed tests for interaction on significant predictors in the multivariable model to determine independence. A sensitivity analysis of ICU admission was performed excluding children who were already in the ICU prior to stroke. Additionally, a sensitivity analysis was performed excluding traumatic hemorrhagic stroke, because these children might be admitted to the ICU for extracranial trauma. Logistic regression was used to analyze ICU admission, intubation, and decompressive neurosurgery as predictors of neurologic deficit or death at discharge. These analyses were adjusted for hemorrhagic stroke, but additional multivariable analysis was not performed because of colinearity of predictors. ␣ Was set at 0.05 except for tests for interaction (set at 0.10).
RESULTS Descriptive summary.
Within a population of 2.3 million children, 256 childhood stroke cases (132 hemorrhagic and 124 ischemic) were identified and included in our analysis. The median age was 13 years with an interquartile range of 7 to 17 years. Demographic and clinical characteristics are described in table 1. Overall, 62% of the children were admitted to the ICU, 32% were intubated, and 11% were treated with a decompressive neurosurgery. There were no temporal changes in pediatric stroke ICU utilization across the decade (data not shown). Twenty-seven children (10%) were admitted to the hospital and 10 children (4%) were in the ICU when the stroke occurred. Compared to chil-dren with ischemic stroke, those with hemorrhagic stroke were more likely to be admitted to the ICU ( p ϭ 0.001), intubated ( p ϭ 0.001), and treated with decompressive surgery ( p Ͻ 0.001) (figure). Demographics of children with missing outcomes did not differ from the overall cohort (data not shown).
Predictors of ICU admission. Data regarding ICU admission were available for 245 and missing for 11 children. Younger age, hemorrhagic stroke, altered mental status on presentation, lack of a premorbid condition, and early diagnosis of stroke were predictors of ICU admission on univariate analysis. The risk factors independently associated with ICU admission after multivariable analysis were younger age and presentation with altered mental status (table 2) . Analyzed as a continuous variable, the odds of ICU admission after stroke decreased by 7% for each 1-year increase in age. If children already in the ICU prior to stroke were excluded from the analysis, having a premorbid diagnosis was protective from ICU admission (odds ratio [OR] 0.3, 95% confidence interval [CI] 0.1-0.8) but the other covariates were largely unchanged. Because traumatic hemorrhagic strokes might be admitted to the ICU for extracranial trauma, the multivariable analysis was also repeated excluding traumatic hemorrhagic stroke (n ϭ 37); however, hemorrhagic stroke still predicted ICU admission (adjusted OR 2.9; 95% CI 1.3-6.5).
Predictors of intubation. Data regarding intubation
were available for 247 and missing for 9 children. Hemorrhagic stroke, presentation with altered mental status, presentation with speech abnormalities, inpatient status at stroke ictus, and earlier stroke diagnosis all predicted intubation on univariate analysis (table 3) . On multivariate analysis, presentation with altered mental status and inpatient status at the time of the stroke remained associated with intubation.
Predictors of decompressive neurosurgery. Data regarding decompressive neurosurgery were available for 255 and missing in only 1 child. Hemorrhagic stroke, altered mental status, headache, and earlier diagnosis all predicted decompressive neurosurgery on univariate analysis (table 4). After adjustment in our multivariable analysis, children with hemorrhagic stroke were 5-fold more likely to undergo neurosurgical decompression compared to children with ischemic stroke. Altered mental status and headache also predicted decompressive neurosurgery on multivariable analysis. The median time to surgery was 1 day poststroke, with a range of 0 to 10 days (interquartile range 0 -3 days). Among hemorrhagic stroke cases, decompressive neurosurgeries were performed 
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3/130 (2) 9/123 (7) more frequently in children who had intraparenchymal hemorrhage (24%, 24/99), compared to 3% (1/ 33) of children who had only subarachnoid or intraventricular blood (OR 10, 95% CI 1.3-79). Additionally, children with a nontraumatic hemorrhage received decompressive neurosurgery more frequently (24%, 23/95) than children with traumatic hemorrhage (5%, 2/37; OR 5.6, 95% CI 1.2-25).
Markers of illness severity. The median length of ICU admission for a child with a stroke was 4 days (range 0 -70). Children with hemorrhagic stroke had longer ICU admissions, with a median of 5 days compared to 3 for ischemic stroke ( p ϭ 0.02, Wilcoxon rank-sum). Median total length of stay was 6 days (range 0 -182), with no significant difference between stroke types. Neurologic deficits at discharge were documented in 57% of children with stroke, and were less common after hemorrhagic than ischemic stroke: 48% vs 66% (OR 0.5, 95% CI 0.3-0.8). Children with ICU admission were 4-fold more likely to have neurologic deficits at discharge even after adjustment for hemorrhagic stroke: 67% vs 41% of those not admitted to the ICU (adjusted OR 4.4, 95% CI 2.4 -8.2). Intubation (OR 5.9, 95% CI 3-12) and decompressive surgery (OR 2.6, 95% CI 1.02-6.4) also predicted deficits at discharge (adjusted for hemorrhagic stroke).
Twenty-two children were not admitted to the hospital after their stroke diagnosis. Of these, 12 presented with headache or seizure; in 20, stroke was not diagnosed on the day of the event. Median time to diagnosis for those not admitted to the hospital was 12 days.
Overall case fatality was 4% (95% CI 1.8%-6.7%), and was not different between children with ischemic vs hemorrhagic stroke ( p ϭ 0.8). Children admitted to the ICU had a 7% (n ϭ 11) case fatality. Six deaths were attributable to the stroke as the primary cause. The other 5 deaths were attributed to trauma (n ϭ 2), cancer (n ϭ 2), and septic shock (n ϭ 1). Case fatalities were higher in children treated with intubation (10/80 vs 1/167 not intubated, OR 23.7, 95% CI 3-188) and decompressive surgery (4/28 vs 7/227 without neurosurgery, OR 5.2, 95% CI 1. 4 -19) . Both inpatient status (OR 3, 95% CI 1.1-8.5) and ICU admission (OR 6.6, 95% CI 1.3-34.5) prior to the stroke were also associated with case fatality. DISCUSSION In the United States, an estimated 63% 8 of adult stroke patients are admitted to an ICU. In the pediatric stroke literature, reports describing therapeutic interventions have focused on antithrombotic treatment for acute ischemic stroke, 3, 9, 10 but published rates regarding other critical care has been limited. American Heart Association clinical guidelines for management of stroke in infants and children 11 report little evidence regarding critical care management. A single recent study examined pediatric ischemic and hemorrhagic stroke admissions through the Kids Inpatient Database, and estimated that 1/3 of children received any type of "intensive care" (defined as mechanical ventilation, advanced monitoring, or blood product administration). 12 In our population-based Northern Californian cohort, children with stroke had high rates of critical care utilization: ICU admission (61%), intubation (32%), and decompressive neurosurgery (11%), particularly among children with hemorrhagic stroke. Altered mental status at presentation was the most robust predictor, independently as-sociated with of all 3 of our markers of critical care utilization. The overall acute case fatality after stroke in our study was 4%, and 7% among those admitted to the ICU. For comparison, published case fatality rates for overall medical admissions to pediatric ICUs in the United Kingdom, 13 Sweden, 14 and the Netherlands 15 range from 2% to 5%. Prior hospital series of childhood stroke have reported case fatality rates of 2%-9% for ischemic stroke 3, 12, 16 and 5%-34% for hemorrhagic stroke, 12, 17, 18 but have not stratified outcomes of strokes admitted for critical care. Our study validates that even in a population-based cohort without referral bias, childhood stroke is a highly morbid disease.
Frequent ICU admission after childhood stroke appears to be justified by high rates of intubation and surgical decompression. While the high critical care utilization we observed could reflect either severity of illness or medical providers' discomfort with an un- common diagnosis, our findings suggest that children with stroke have true critical care needs. In adult stroke studies, intubated patients have been shown to have poorer prognosis 19 and high mortality. 20 Similarly, all 3 critical care usage measures in our study were associated with neurologic deficits at discharge and death after childhood stroke. In other words, children with acute stroke are often critically ill. In contrast to hemorrhagic stroke, relatively few of the children with ischemic stroke received neurosurgical decompression. However, practices regarding decompressive neurosurgery may have changed since our data collection (through 2003). Historically, decompressive surgery was a controversial treatment for refractory intracranial hypertension in ischemic stroke, and the infrequency in our study may reflect that controversy. Since 2007, pooled analysis of 3 trials of surgical decompression for malignant middle cerebral artery syndrome (the DECIMAL, DESTINY, and HAMLET trials) have shown a survival benefit compared to con-servative medical treatment, 21 and younger age predicted better functional outcome in a 2004 case series. 22 Our study may underestimate the current frequency of decompressive neurosurgeries for treatment of refractory intracranial hypertension after childhood ischemic stroke.
In adults, the neurocritical care literature suggests that patients with both hemorrhagic 23 and ischemic strokes 24 have better outcomes when they are cared for by specialized neurocritical care teams. Neurocritical care fellowship training has emerged to manage adult neurologic emergencies. Neonatal neurocritical care has also recently emerged because of the specialized needs of critically ill newborns with brain injury. 25, 26 Now, to address the needs of older children with acute brain injury, some child neurologists and pediatric intensivists have called for the development of pediatric neurocritical care as a subspecialty. 26 -28 It is unknown whether specialized pediatric neurocritical care would improve childhood stroke outcomes, but the high rates of critical care utilization and poor outcomes in our cohort suggest that research focused on the critical care management of childhood stroke would be vital to the care of the majority of these patients and support a need for further studies in this area.
Our study was limited in several ways. First, we could only measure critical care utilization, and make inferences about critical care needs. The decision to admit a patient to the ICU, intubate, or take a patient to surgery is somewhat subjective, and different providers will have different thresholds for these interventions. Secondly, our stroke cohort included cases from 1993 through December 2003, and may not reflect recent changes in pediatric stroke critical care. However, compared to studies from hospital case series or registry data, our population-based study cohort should tend to include less severe cases, such as the 22 children who were not admitted to the hospital. If these cases had been excluded from the study, our measures of intensive care would appear to be even greater. Even so, children with stroke in our study still appear to be frequently critically ill with a high critical care usage. Thus far, critical care for childhood stroke has received less attention in comparison to its adult counterpart. This study is a novel assessment of childhood stroke care and is a step toward recognizing the importance of optimizing critical care after pediatric stroke. A prospective assessment of critical care needs in future pediatric stroke studies could help identify targets for improving outcomes. Further studies are needed to establish best practices for stroke care in the pediatric ICU setting, and determine whether specialized pediatric neurocritical care services might improve outcomes in children with stroke.
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